Giant Metrewave Radio Telescope (GMRT) H i observations, done as part of an ongoing study of dwarf galaxies in the Lynx-Cancer void, resulted in the discovery of a triplet of extremely gas rich galaxies located near the centre of the void.The triplet members SDSS J0723+3621, J0723+3622 and J0723+3624 have absolute magnitudes M B of -14.2, -11.9 and -9.7 and M (H i)/L B of ∼2.9, ∼10 and ∼25, respectively. The gas mass fractions, as derived from the SDSS photometry and the GMRT data are 0.93, 0.997, 0.997 respectively. The faintest member of this triplet SDSS J0723+3624 is one of the most gas rich galaxies known. We find that all three galaxies deviate significantly from the Tully-Fisher relation, but follow the baryonic Tully-Fisher relation. All three galaxies also have a baryon fraction that is significantly smaller than the cosmic baryon fraction. For the largest galaxy in the triplet, this is in contradiction to numerical simulations. The discovery of this very unique dwarf triplet lends support to the idea that the void environment is conducive to the formation of galaxies with unusual properties. These observations also provide further motivation to do deep searches of voids for a "hidden" very gas-rich galaxy population with M B −11.
INTRODUCTION
Early redshift surveys established that the spatial distribution of bright galaxies is highly inhomogeneous and that the properties of the galaxy population varies with environment. The spatial distribution was found to consist of large under dense regions ("voids") surrounded by galaxies in sheets and walls (Jöeveer, Einasto & Tago 1978; Kirshner et al. 1981; Geller & Huchra 1989) . Further, the morphological mix of galaxies was found to vary systematically with galaxy density. The fraction of late type galaxies monotonically increases as one goes from high density to low density regions (Postman & Geller 1984) . Subsequent numerical simulations showed that the existence of voids can be understood as a consequence of biasing in the formation of galaxy halos, with the most massive halos being formed in regions of high densities (White et al. 1987) . However, numerical simulations also predicted that the voids should be filled with small ⋆ E-mail: chengalur@ncra.tifr.in (JNC), sap@sao.ru (SAP) mass halos (e.g. Davis et al. 1985; Gottlöber et al. 2003) . Peebles (2001) pointed out that, contrary to this expectation, the known dwarf galaxies instead follow the same large scale distribution as the bright galaxies, a discrepancy that he dubbed the "void phenomenon". We note that earlier (Pustilnik et al. 1995) as well as recent (Kreckel et al. 2012 ) studies do find dwarf galaxies inside voids, however it remains true that the brighter dwarfs generally lie near the void walls. Peebles (2001) also highlighted that if the small dark halos produced in voids preferentially fail to host galaxies, this would correspond to a discontinuous change in galaxy properties with density. This distinguishes the "void phenomenon" from the observed "morphology-density" relationship in which the morphological mix varies smoothly with density. Observational and theoretical studies of the void galaxy population have since been largely focused on these two (possibly related) issues viz. (i) a search for the "missing" dwarfs in voids and (ii) the influence of the large scale environment on galaxy properties.
Regarding the issue of missing dwarfs, deep searches c 2012 RAS of voids have shown that they do not contain dwarf galaxies in the numbers predicted by simulations (see e.g. Tikhonov & Klypin 2009; Kreckel et al. 2012) . The reason for this discrepancy is unclear, although there have been numerous suggestions that the formation of galaxies in small dark matter halos in voids is suppressed (e.g. Tinker & Conroy (2009) ; see also Kreckel et al. (2011) ). Essentially, if small halos in voids are baryon deficient this would resolve the problem of missing dwarfs. Hoeft and Gottlöber (2010) examined the baryon fraction of small halos in both voids and filaments using high resolution simulations, and found no dependence of the baryon deficiency on environment. The discrepancy between numerical simulations and the observations hence remains a puzzle.
Regarding the issue of the effect of the large scale environment on the properties of void galaxies, studies using SDSS selected samples established that the void galaxy population is significantly bluer and has a higher star formation rate as compared to the high density galaxy population (Rojas et al. 2004 (Rojas et al. , 2005 . However Patiri et al. (2006) (see also (Park et al. 2007)) show that this difference is almost entirely due to the morphology-density relation. Late type galaxies which are more dominant in low density regions, have bluer colours and higher star formation rates than early type galaxies. At a fixed luminosity and morphology the properties of the detected void galaxies are statistically identical to that of galaxies in dense regions. It is worth noting here that these conclusions relate only to the upper part of the whole luminosity (or mass) range of void galaxies (MB,r −16 mag) and do not include study of possible differences in parameters such as the gas phase metallicity and gas mass fraction.
The gas mass fraction of void galaxies was studied in earlier works which looked at the distribution of M (H i)/LB. Huchtmeier, Hopp, & Kuhn (1997) found that dwarf galaxies closer to the center of the void had a higher M (H i)/LB than galaxies close to the walls. Similarly, Pustilnik et al. (2002) found marginal evidence for low luminosity galaxies in voids to have a higher M (H i)/LB than those in higher density regions. Extrapolation of the obtained trends to the range MB > −15 indicated that for lower mass dwarfs the difference could be higher. On the other hand, Kreckel et al. (2012) show that the H i gas content of void galaxies are statistically indistinguishable from galaxies in filaments and walls, at least for galaxies brighter than Mr ∼ −16 mag. This result does not contradict earlier results, and underlines the need of deeper void galaxy samples.
A possible resolution of the discrepancy between the predictions of the numerical simulations and the observations is that the dwarfs predicted to exist in voids are fainter than what the observations have probed so far. For example, in their simulation, Kreckel et al. (2011) find that while luminous dwarfs (Mr brighter than ∼ −18 mag) in voids are statistically indistinguishable from similar dwarfs in higher density regions, fainter dwarfs (Mr ∼ −16 mag) are significantly bluer and have higher specific star formation rates than their higher density counter parts. They also find a significant excess of faint dwarf (Mr∼ −14 mag) galaxies that are preferentially located in low density regions near the void centre. To complement their numerical simulations Kreckel et al. (2012) used the SDSS to identify a population of void galaxies with Mr > −16.1 mag. To identify and Pustilnik et al. (2011c) (Paper III)) a sample of 79 galaxies residing in the nearby Lynx-Cancer void was presented. The sample galaxies have MB down to -12 mag, with reasonable completeness level at MB ∼ −14.0 mag. For this completeness level, the average void galaxy density (∼0.04 Mpc −3 ) is about one order of magnitude smaller than the mean value for the faint SDSS galaxies derived by Blanton et al. (2005) . More than half of the Lynx-Cancer void sample consists of low surface brightness dwarfs (LSBDs). Measurements of O/H are available for ∼ 60% of the sample, and shows that the metallicity of the void galaxies is on average ∼ 30% lower than that of their counterparts in denser regions. About 10% of the sample are deficient in metals by factors of 2-7. A GMRT based H i study of these dwarfs is in progress. Here we report on a highly unusual system found in the course of the H i observations, viz. an extremely gas rich triplet of LSBD galaxies, located inside the central 10% of the void volume.
OBSERVATIONS AND RESULTS
GMRT H i 21cm observations of the J0723+36 system were conducted on 25 Nov. 2011. The observational parameters are given in Table 1 . The initial flagging and calibration was done using the flagcal package (Prasad & Chengalur 2012) and further processing was done using standard tasks in the AIPS package. The hybrid resolution of the GMRT allows one to make maps at various resolutions, however, here we show only maps at 40 ′′ resolution. In Fig. 1 [A] is shown the GMRT H i map of the J0723+36 system. At the time of the observations, only two galaxies, viz. SDSS J0723+3621, and SDSS J0723+3622 were known to lie within the observed data cube. At the adopted distance of 16 Mpc (see below) to this group the separation of the pair is 12.1 kpc. As can be seen from the figure, the GMRT observations detected one more H i source, which corresponds to the galaxy SDSS J0723+3624. The projected separation between this companion and the brighter of the two galaxies in the pair (viz. J0723+3621) is 23.9 kpc. SDSS g band images showing these galaxies is shown in Fig. 2 and Fig. 3 (a colour composite for this pair is also shown in Paper III). The two brighter galaxies, J0723+3621, and J0723+3622 are clearly interacting, with a bridge of H i connecting them. For the third much smaller system there is a hint of an extension to the North-West, but the resolution is marginal. The velocity field (with isovelocity lines in steps of 6.0 km s −1 ) for the whole system is shown in Fig. 1 [B]. All three galaxies show clear velocity gradients, although in all cases the velocity field is disturbed. In the case of the galaxy pair, this is clearly due to the ongoing tidal interaction. The spins of both components of the pair are aligned with their orbital angular momentum, consistent with the pair undergoing a prograde collision. A prograde encounter geometry is also consistent with the significant tidal distortions seen.
A continuum image made using all the available channels shows no emission from the triplet galaxies. The rms noise level is ∼ 0.5 mJy/Bm at an angular resolution of 40 ′′ . The main parameters of the three galaxies in the 0723+36 system are given in Tab. 2. The H i parameters are derived from the integrated single dish profiles shown in Fig 4. Because the velocity fields are disturbed, we do not attempt to derive rotation curves. Instead we use the velocity widths obtained from the integrated profiles to estimate the dynamical mass related quantities. The optical parameters are derived from the SDSS DR7 data (Abazajian et al. 2009 ). In the case of the newly discovered companion galaxy J0723+3624, there are two extended SDSS objects, separated by ∼5.5 ′′ (0.4 kpc in projection) seen near the center of the H i emission. We refer below to these two objects associated with the companion J0723+3624 as the NE and SW components. The NE component (J072320.57+362440.8), has g=21.42 and somewhat blue colours, ((g − r)0 = 0.09 ± 0.19), albeit with large error bars. Independent photometry of this object based on the SDSS images resulted in very similar values, viz. g=21.29±0.05 and (g−r)0 = 0.08±0.08. The SW component J072320.32+362436.7 is ∼1.3 mag fainter in g-filter and is significantly redder ((g − r)0 = 0.63 ± 0.28). Independent measurements from the SDSS data once again result in similar values, viz. a g-flux that is ∼ 1.2-mag fainter and (g −r)0 = 0.60±0.11. This 'red nebulosity' looks similar to the very faint red galaxies seen to the North and East of the blue component, which could represent a small group of distant galaxies. We hence assume that the red nebulosity is unrelated to the H i-cloud. In any case, including this component would make only a minor difference to the total flux -making the object brighter in the B-band by 0.26 mag.
The rows of Tab. 2 are as follows: the J2000 RA and Dec; AB, the Galactic extinction in B-band; the total Bmagnitude, not corrected for AB, obtained by transformation from the total g and r, according to the formulae given in Lupton et al. (2006) ; the (g − r) colour; the (B − V ) colour, computed from the observed (g − r) and for the PE-GASE2 constant evolutionary tracks with z = 0.002 (or Z = Z⊙/10). the heliocentric velocity, obtained from H iprofile in this paper; the adopted distance, accounting for the updated V hel and the large negative velocity correction, described in Paper I; the calculated absolute blue magnitude, optical sizes (angular and linear), corrected for the Galactic extinction and inclination; the central inclination corrected surface brightness in B-band; the measured H iflux in units of Jy km s −1 ; the profile widths W50 and W20; the inclination angle estimated from the SDSS images; the H i mass M (H i); the total baryonic mass computed as M bary = 1.3 × M (H i) + Mstar. Mstar is the stellar mass computed from the SDSS data using the total magnitude in g-filter and the total (g − i) colour, corrected for the Galactic extinction (from NED, following to Schlegel et al. 1998) , and the mass to luminosity ratio Υ determined from the prescription given in Zibetti et al. (2009) (similar to used in Paper III); the total dynamical mass, computed using the formula M dyn = 2.3 × 10 5 × R kpc × V 2 km s −1 , where R kpc is the radius measured from the H i images at the 3 × 10 19 atoms cm −2 level, and V km s −1 is the rotational velocity computed from W20 after correction for inclination and turbulent motions using the prescription given in Verheijen & Sancisi (2001) ; Mvir, the virial mass, computed from the circular velocity estimated as above, and the formulae given in Hoeft et al. (2006); Rvir, the virial radius, computed from the circular velocity estimated as above, and the formulae given in Hoeft et al. (2006) ; the ratio of H i mass to blue luminosity, M (H i)/LB in solar units; the gas mass fraction fgas = 1.3×M (H i)/M bary ; the baryon fraction f bar = M bar /Mvir.
DISCUSSION
As can be seen from Tab. 2, all three galaxies have very large M (H i)/LB ratios; in fact J0723+3624 has one of the larges ratios known. The corresponding gas mass fractions are also extremely large. Even if we assume that the colours of J0723+3622 and J0723+3624 are redder by 1σ that the measured values, their gas mass fractions remain 0.99. For star Figure 5 . Comparison of the M (H i)/L B ratio of the galaxies in the Lynx-Cancer triplet (filled squares), with galaxies from the FIGGS sample (Begum et al. 2008b, crosses) . Three very gas rich dwarfs from the Void Galaxy Sample (VGS) of Kreckel et al. (2012) are shown as circles, and data for 6 other extremely gas rich galaxies (see Tab. 3) are shown in triangles. The solid line is the best fit relation for the FIGGS galaxies.
forming galaxies the gas mass fraction is known to increase with decreasing luminosity (see e.g. McGaugh & de Blok 1997; Geha et al. 2006) . We show in Fig. 5 M (H i)/LB for the FIGGS ( (Begum et al. 2008b )) sample, which also clearly shows this trend. The data for the galaxies from the J0723+36 triplet are also shown, and, as can be seen, for their given luminosities, all three galaxies lie at the extreme gas rich end of the distribution. We also compare the galaxies location in the TullyFisher (TF) and Baryonic Tully-Fisher (BTF) diagrams. We note that the inclinations estimated for these galaxies are somewhat uncertain, however this should affect the TF and BTF relations equally. In Fig. 6 [A] is shown the Tully Fisher relation for the FIGGS galaxies. Also overplotted is the TF relation for bright galaxies, as determined by Tully & Pierce (2000) . As expected for dwarf galaxies, the FIGGS galaxies are underluminous for their velocity width ( see also Begum et al. 2008a) . Once again, the triplet galaxies fall at the extreme end of the distribution. Fig. 6[B] shows the baryonic Tully-Fisher relation, with for reference the BTF relation shown from De Rijcke et al. (2007) . Despite being extremely gas rich, the triplet galaxies do follow the BTF relation.
The baryon fraction of small galaxies is also an interesting quantity to compare against model predictions. For our extremely gas rich galaxies, the baryon fraction can be accurately measured. From numerical models (Hoeft et al. 2006; Hoeft and Gottlöber 2010) , one would expect that galaxies with circular velocities 50 km s −1 would have a baryon fraction equal to that of the cosmic value of ∼ 0.17 (Jarosik et al. 2011 ). For smaller galaxies, the baryon fraction drops sharply with circular velocity, at a circular velocity of 20 km s −1 , the predicted baryon fraction is an order of magnitude below the cosmic value. As can be seen from Tab. 2, for all galaxies the baryon fraction f bar is more than an order of magnitude lower than the cosmic baryon fraction. In the case of the brightest galaxy J0723+3621, the baryon fraction is ∼ 1/20 that of the cosmic baryon fraction, while one would expect it to have the cosmic baryon fraction. This galaxy is clearly edge on, and this result is hence unlikely to be due to an uncertain inclination angle. McGaugh et al. (2010) has earlier highlighted that the measured baryon fraction for galaxies with rotation velocities in this range is significantly smaller than the cosmic baryon fraction. In this respect, J0723+3621 is similar to dwarf galaxies located outside of voids. Interestingly, f bar appears to decrease with increasing velocity width, i.e. the reverse of what is predicted. One possible reason for this could be that for the smaller galaxies the baryons do not sample the flat part of the rotation curve, and hence W20 underestimates the circular velocity. It is also worth noting that the expected virial radius of even the smallest galaxies dark matter halo is larger than the separation of the galaxies in this triplet. If one regards the entire triplet as a single system then the f bar is ∼ 0.01, about 16 times smaller than the cosmic baryon fraction.
The triplet of galaxies that we are discussing here are found in the inner 10% volume of the Lynx-Cancer void. Kreckel et al. (2012) also find 3 similarly gas rich galaxies (VGS 7a, VGS 9a, VGS 12) in their void survey. Their absolute blue magnitudes computed from the SDSS magnitudes following the same procedures as for our triplet galaxies are MB of -13.86, -11.17 and -16.49 respectively. The corresponding M (H i)/LB ratios are is ∼5.9, ∼12.5 and ∼4.9. These very gas rich galaxies found in surveys of voids are interesting in view of the possibility highlighted by Peebles (2001) that the void environment could be conducive to the production of galaxies with extreme properties.
To examine this issue further, we take a look at the eleven galaxies with well measured M (H i)/LB 5 that we are aware of. The sample consists of three galaxies from the Kreckel et al. (2012) VGS sample, the two fainter members of the triplet discussed in this paper and six galaxies taken from the literature (see Tab. 3). For the two members of Lynx-Cancer void triplet and three most gas-rich VGS galaxies the type of global environment is clear from the sample selection. For the 6 galaxies from Tab. 3 the environment varies. The nearest two objects, UGC 292 and DDO 154, are situated on the periphery of the loose aggregate named Canis Venatici I Cloud (Karachentsev et al. 2003) , which probably is still in the formation phase. The next most distant galaxy And IV is situated far from luminous galaxies, at D ∼6.1 Mpc, and according to Ferguson, Gallagher, & Wise (2000) probably belongs to a loose dwarf group. However, its projected distances to the brightest dwarfs of this group are of more than 2 Mpc. The distance to the unusual pair of very gas-rich objects HI 1225+01 SW,NE is very uncertain, since it is unclear if this object lies in the foreground or background of the Virgo cluster. Because of this distance uncertainty, it is not possible to make a definitive statement about its environment. However, after a detailed analysis Salzer (1992) conclude that there is no evidence for a massive neighbour within ∼ 1 Mpc of the system. The SBS 0335-052 system is at a projected separation of only 150 kpc from the large spiral galaxy NGC 1376 (Pustilnik et al. 2001) . Peebles (2001) examined its location with respect to galaxies from the ORS (Santiago et al. 1995) , and concluded that while it is not located in a dense region, neither is it located in a void. In summary, while all of the gas rich galaxies appear relatively isolated, it is not the case that they are all located deep inside voids.
Next, we use star formation models to constrain the evolutionary history of these extremely gas rich galaxies. For 5 of these galaxies we only have the (B − V ) colour available, and we hence use this colour to constrain the star formation history. Unfortunately, due to the degeneracy of the evolutionary tracks for continuous and instantaneous star formation laws in B − V, V − R diagrams one can not distinguish between ∼3 Gyr-old constant star formation rate and ∼1 Gyr-old burst. Including u or U band data in the analysis allows one in many cases to do this. For example Pustilnik et al. (2008 Pustilnik et al. ( , 2010 Pustilnik et al. ( , 2011b use SDSS u, g, r colours for similar gas-rich metal-poor blue galaxies to show that in most cases a continuous star formation law is preferable. Assuming that the LSB galaxies in the current sample have been forming stars at a constant rate, we used PEGASE2 models to compute the dependence M (H i)/LB and the B − V colour on the age of the galaxy. We show in Fig. 7 a grid of models with fgas=0. 5, 0.8, 0.9, 0.95, 0.98 and 0.99 , and star formation which started 0.5, 1, 3, 5, 12 Gyr ago. Consistent with the mass to light ratios that we have adopted in Tab. 2 one can see that models with fgas 0.95 do not match the observed M (H i)/LB and B − V colours. Further, for the "blue" colours (B − V < +0.25), typical of the gas-rich LSBDs considered here, the corresponding ages are < 3 Gyr. The conclusion is that for a continuous star formation law all such blue gas-rich galaxies should have fgas 0.98 and should have started their star formation relatively recently. These implied young ages are consistent with the conclusions of Pustilnik et al. (2008); Pustilnik et al (2010); that the bulk of stellar populations in several very metal-poor dwarfs in the Lynx-Cancer void is relatively young.
As discussed in the introduction, one possible solution to the discrepancy between the number of dwarfs predicted by numerical solutions and the observed number of dwarfs in voids, is that the void dwarfs are fainter than the faintest levels probed by the current surveys. The ongoing blind H i-survey ALFALFA (Haynes et al. 2011 ) has a significantly higher sensitivity and angular resolution than previous surveys. However, even in the ALFALFA survey, objects like the faintest member of our triplet would be difficult to detect outside the Local Volume. J0723+3624 with F (H i)=0.48 Jy km s −1 would fall below the survey detection limit were it to be placed ∼1.5 times further than its current distance. ALFALFA is hence best placed to find galaxies such as this in voids with Dcentre 20 Mpc. Detection of substructure in systems like this triplet would however require follow up synthesis imaging observations. We note in this context that Kreckel et al. (2012) find that void dwarfs show similar small scale clustering as dwarfs in denser environments. For distances D >16 Mpc (distance moduli µ >31 mag) these faint LSBDs with Btot > 19 will not be easily identified, either via blind H i-surveys, nor via recently conducted wide-field spectral surveys, like the SDSS or 2dFGRS. The existence in voids of 'unknown' population of very gas-rich LSB dwarfs with MB -11 which escaped detection in previous studies, hence remains a viable option. Systematic searches for such faint dwarfs will require the next generation optical and radio surveys. Zibetti et al. (2009) . Squares show positions of the two Lynx-Cancer triplet dwarfs. Circles denote the three VGS galaxies and triangles the sample of gas-rich galaxies listed in Tab. 3.
SUMMARY AND CONCLUSIONS
In summary we report the discovery of an extremely gas rich triplet of galaxies near the centre of the nearby Lynx-Cancer void. The triplet consists of the LSB galaxies J0723+3621 (MB= -14.2), J0723+3622 (MB= -11.9) and J0723+3624 (MB= -9.7) which lie within a projected separation of ∼25 kpc, and a radial velocity interval of ∼55 km s −1 . The M (H i)/LB ratios are ∼2.9, 10 and 25 respectively. All of the galaxies lie at the extreme gas rich end of the dwarf galaxy population. The faintest galaxy in the triplet J0723+3624 is one of the most gas rich galaxy known. The large M (H i)/LB and blue colours of the fainter two members of this triplet are consistent with star formation that started relatively recently ( 3 Gyr ago). All three galaxies deviate significantly from the Tully-Fisher relation, but follow the baryonic TullyFisher relation. For these extremely gas rich galaxies, the baryonic mass can be accurately, determined. We find that the baryon fraction (computed assuming they have dark matter halos with structures as predicted by ΛCDM models) of all of the galaxies are significantly smaller than the cosmic baryon fraction. For the largest galaxy in the triplet, this is in contradiction to numerical simulations which predict that it should have a baryon fraction comparable to the cosmic mean value. The discovery of this very unusual dwarf triplet, along with the recent discovery by Kreckel et al. (2012) of other faint gas rich dwarfs in voids, lends support to the suggestion that the void environment is a fertile hunting ground for unusual, less evolved, galaxies, which in many ways resemble high redshift young galaxies.
